Since the discovery of the stimulating effect of corn steep liquor on penicillin fermentation, various lactosesteep liquor media have been used in penicillin fermentations. The requirements for a good penicillin fermentation are fulfilled by the steep liquor-lactose media by virtue of its composition (Johnson, 1952) . The production of penicillin on a chemically defined medium (Jarvis and Johnson, 1947) is evidence for the absence of any unknown essential factors in steep liquor. Therefore, natural materials other than steep liquor should be suitable for media for penicillin production, provided that the constituents of such media are properly balanced.
Several attempts have been made to replace steep liquor with various organic nutrients in surface culture medium. Cook and Tulloch (1944) advocated the use of pressed juice from fresh peas as a substitute for steep liquor. Wheat bran moistened with an equal weight of water was proposed by Rao (1944) . Foster et al. (1946) reported that cottonseed meal had potentialities as a possible substitute for steep liquor in submerged penicillin fermentation. Perlman (1949) also showved that several protein materials may be used as substitutes for steep liquor without marked reduction in penicillin yield.
In the work reported here, a number of organic materials were used as nitrogenous nutrients in penicillin production. In each case, an attempt was made to adjust the concentrations of the constituents of the medium so that the best environmental requirements for penicillin production would be obtained. Changes made in the composition of the medium were on the basis of information obtained later extended to include several strains descended from it. Unless specifically mentioned the fermentations were carried out with this strain. Spores were grown on a spore plate medium which contained the following (in g per L): honey, 60; peptone, 10; agar, 25. Ten ml of sterile water were dispensed into each plate to prepare the spore suspension. Five ml of the suspension were used to seed the synthetic inoculum medium which contained glucose, 4 g; calcium carbonate, 1.3 g; ammonium sulfate, 1.3 g; and 10 ml of a salt mixture per 100 ml of medium. The salt mixture had the following composition (in g per L): KH2PO4, 30; MgSO4 *.7H20, 2.5; Fe(NH4)2(SO4)2. 6H20, 1.0; CuSO4. 5H20, 0.05; ZnSO4*7H20, 0.2; Na2SO4, 5.0; MnSO4 H20, 0.2; CaCl2 2H20, 0.5. After an incubation period of approximately 48 hr, 5 ml of the vegetative inoculum were used to seed the fermentation medium.
Essential elements required by the mold were supplied in the fermentation medium either by the nutrient or when necessary by including 10 ml of salt mixture (of the above composition) per 100 ml of the medium. All fermentation media received 0.4 per cent calcium carbonate and 0.1 per cent sodium sulfate.
After the medium was autoclaved the pH was adjusted with sulfuric acid to about 5.5. All fermentations were run in 500 ml Erlenmeyer flasks containing a total volume of 100 ml. The flasks were placed on a Gump2 rotary shaker which described a 2-in. circle and operated at 250 rpm. The temperature of incubation was 25 C. All fermentations were run in duplicate flasks, and the figures reported here are the average of these 2 flasks. Samples for penicillin assay and chemical analyses were taken under aseptic conditions and handled in the manner described by Gailey et al. (1946) .
Potassium phenylacetate at a 0.1 per cent level was added as precursor to all fermentations every 24 hr after the pH of the fermentation had risen above 6.5.
Analytical procedures. Penicillin was assayed by the Oxford cup method with Micrococcus pyogenes var. aureus strain H as the test organism and penicillin G as the standard. The pH of each sample was detePmined immediately after removal by means of a glass electrode. All sugars were determined by the method of Shaffer and Somogyi (1933) . Lactose was hydrolyzed with 1.5 N hydrochloric acid in an autoclave at 120 C for 15 min.
The standard lactose curve was used with lactoseglucose combinations. The method for determination of ammonia nitrogen was that described by Gailey et al. (1946) . Soluble Kjeldahl nitrogen was determined by the method of Johnson (1941 Requirements for penicillin production. It has been established (Johnson, 1952) the medium. When all the lactose is exhausted, autolysis sets in, thereby terminating the penicillin producing phase of the fermentation. Therefore the amount of lactose in a medium is one of the factors determining the penicillin yields on that medium. When lactose was used at varying concentrations in the fermentation medium, it was found that 5 per cent lactose was sufficient to meet the needs of the mycelium during the penicillin production phase. Further increase in lactose concentration did not result in increased yields. The effect of increasing lactose concentration, on penicillin yield, in a steep liquor fermentation with P. chrysogenum strain 49-133 is shown in part A of table 3. When the lactose concentration was increased from 3 per cent to 4 per cent, the onset of autolysis was delayed by 24 hr and a higher penicillin yield was obtained. When the lactose concentration was increased from 4 per cent to 5 per cent, no increase in yield was observed although autolysis did not set in until after 120 hr. Owen and Johnson (1955) also found that maximum mycelial growth and penicillin yield in a shaken flask fermentation with strain 49-133 was obtained in a medium containing 3 per cent steep liquor and 5 per cent lactose. Further increase in steep liquor or lactose concentration did not result in increased yields. The effect of increasing the lactose concentration on penicillin yield in a steep liquor fermentation with strain 51-20F3 is given in part B of table 3. When the lactose concentration was increased from 5 per cent to 6 per cent, the onset of autolysis was delayed by 24 hr, but no increase in yield was observed. The effect of increasing lactose concentration on penicillin yield in a soybean meal fermentation with P. chrysogenum strain 51-20F3 is given in part C of table 3. When the lactose concentration was increased from 4 per cent to 5 per cent, the onset of autolysis was delayed by 24 hr and a higher penicillin yield was obtained. When the lactose concentration was increased from 5 per cent to 6 per cent, no further increase in yield was observed although autolysis did not set in until after 150 hr. On the basis of these experiments 5 per cent lactose was selected as the concentration to be used in the medium.
Effect of the concentration of the nitrogenous nutrient.
To determine the optimum concentration of a given nitrogenous nutrient, it was included in the medium at a range of concentrations with 5 per cent lactose. The concentration of the nutrient giving the best yield of penicillin was selected as being optimal. This method of approach is illustrated in parts A and B of table 4. Penicillin production on various nutrients. The penicillin yields obtained on media developed for the different nutrients studied are given in table 5. It is apparent from the table that steep liquor, cottonseed meal, soybean meal, and distillers' solubles are the best of the organic nutrients studied.
Due to the relatively low nitrogen content of Curbay B-G, it had to be used at rather high concentrations. At these concentrations the inorganic salts in the nutrient probably had a toxic effect which would explain the very low yields of penicillin obtained with this nutrient.
SUMMARY
The utilization of various organic materials as nitrogenous nutrients in penicillin production by several strains of Penicillium chrysogenum was studied. In each case an attempt was made to adjust the concentrations [VOL. 5 BACTERIAL BRINED OLIVE SPOILAGE of the constituents of the medium so that the best environmental conditions for penicillin production were obtained. Peptone and tryptone were unable to supply the essential elements required by the mold. Therefore a salt mixture was added to prepare a complete medium with these nutrients. Glucose was found to be necessary when media containing yeast extract or fish solubles were used. Lactose at a 5 per cent level was found to be sufficient to meet the needs of the mycelium during the penicillin production phase. The optimum concentration of the nitrogenous nutrient was determined in a medium containing 5 per cent lactose. It was observed that steep liquor, cottonseed meal, soybean meal, and distillers' solubles were the best of the organic nutrients studied. mine whether species of Propionibacterium might also be associated with the spoilage. The characteristics of species of propionic acid bacteria actually associated with zapatera spoilage of different kinds of brined olives are described below.
EXPERIMENTAL METHODS
Sources of cultures. In addition to the 54 samples previously examined by Kawatomari and Vaughn (1956) 
